Introduction {#S1}
============

According to Mulliken and Young, two types of vascular lesions can be recognized, which depend on the intrinsic properties of endovascular cells, namely haemangiomas and vascular malformations [@R01]. Haemangiomas demonstrate endothelial hyperplasia and enlarge by cellular proliferation. Clinically, haemangiomas usually appear in early infancy, grow rapidly during the first months of life, then slowly involuting over 5 or 6 years [@R02] [@R03].

Arteriovenous malformations (AVMs) in contrast to the abnormal proliferation of endothelial cells of a haemangioma, display progressive ectasia of abnormal vessels, lined by flat endothelium. AVMs occur as a result of errors in embryogenesis, are always present at birth, may manifest at any time during life and grow proportionately with the child [@R03] [@R04]. AVMs can be subdivided based on the rate of blood flow: \"slow flow\" (capillary, venous, lymphatic or mixed) and \"fast flow\" (arterial, arteriovenous, fistulae or shunt) subtypes [@R05]. Vascular malformations are frequently seen in the skin, but rarely affect the visceral organs or bones; approximately 51% occur in the head and neck, with a malefemale ratio of 1 to 1.5. About 50% of all bone involvement occur in the skull and the maxillo-facial area [@R06] [@R07].

Lesions of the mandible are rare and potentially lifethreatening entities that can present as innocuous episodes of gingival bleeding, slow-growing expansile masses, or severe haemorrhage. A biopsy or even a simple tooth extraction can cause a catastrophic bleeding that may even lead to death [@R08]^-^[@R12]. However, the clinical course of malformations involving the mandible and the maxilla remains unclear and unpredictable. Treatment may be surgical or non-surgical. The latter includes intravascular embolization with coil and/or sclerosing solutions. Surgical resection is reserved for lesions that are extensive and/or refractory to endovascular therapy. Cure is defined as the complete eradication of disease or permanent resolution of symptoms with complete devascularization [@R08]^-^[@R16].

Herein, we report the case of a 23-year-old woman with an AVM of the mandible and submandibular region, and review the relevant literature, focusing on the best options for treatment.

Case report {#S2}
===========

In December 2009, a 23-year-old woman, after tooth extraction, presented at our ENT division with a massive haemorrhage from the left side of the mandible.

The bleeding was initially controlled by packing the mandible, and blood transfusions were required. The patient reported no malocclusion and no history of infection, and family history was also unremarkable. She was affected by insulin dependent diabetes mellitus. The only extraoral finding was a slight left facial swelling.

Retrospective analysis of the radiograms used for dental cure revealed the following. By panoramic radiograph, an extensive radiolucency in the left mandible involving the molar area ([Fig. 1](#F1){ref-type="fig"}) was evident, while by dental scan, an abnormal enlargement of the left alveolar canal with integral cortical bone ([Fig. 2](#F2){ref-type="fig"}) was present.

![Extensive radiolucency in the left mandible by panoramic radiograph.](0392-100X-36-333-g001){#F1}

![Abnormal enlargement of the left alveolar canal with integral cortical bone by dental scan.](0392-100X-36-333-g002){#F2}

In the subsequent, urgent surgical intervention, a temporary ligation of the external carotid artery was ineffectively attempted because of a large anastomotic blood supply. The haemorrhage was then controlled by filling the mandibular cavity with sheets of oxidized cellulose, taking advantage of the natural pathway created by the previous tooth extraction. A haemostatic suture of the alveolar mucosa was finally done.

In the strong suspicion of a vascular malformation, the patient underwent head and neck magnetic resonance imaging (MRI) and magnetic resonance with angiography (MRA). The examination showed an extensive highly vascularized lesion involving the left side of the mandible and left submandibular region ([Fig. 3](#F3){ref-type="fig"}).

![MRI and MRA scans showing an extensive highly vascularized lesion involving the left side of the mandible and left submandibular region.](0392-100X-36-333-g003){#F3}

Ten days later, after the correction of severe diabetic decompensation, an angiography was performed. This study confirmed the diagnosis of arteriovenous malformation in the sites mentioned before, and associated with feeding vessels from the external carotid artery. Superselective coil embolization was performed of the facial artery, lingual artery and internal maxillary artery.

The day after, follow-up MRI and MRA revealed a subtotal closure of the AVM ([Fig. 4](#F4){ref-type="fig"}).

![Subtotal closure of the AVM on MRI and MRA performed the day after embolization.](0392-100X-36-333-g004){#F4}

Two days later, the patient underwent surgical intervention. Passing through the incision of the previous carotid ligation, we removed a large highly vascularized lesion occupying the left submandibular region and substituting the submandibular gland itself. From the empty alveolar ridge, the intraosseous component of the AVM was injected with sodium tetradecyl sulphate (3%). There was no damage to the mandibular branch of the facial nerve. There were no intraoperative complications, and the estimated blood loss was 500 ml. The postoperative period was uneventful, and the patient was discharged on the fifth postoperative day. The final histopatological diagnosis was arterio-venous malformation.

At the time of writing, after six months of follow-up, the patient has not experienced symptoms of trigeminal neuralgia. A minor bleeding episode was controlled with intraosseous injection of methylprednisolone acetate. Subsequently, no further episodes of bleeding were observed. Two months after the operation, post-surgical MRI and MRA showed an empty submandibular triangle and almost complete reabsorption of the AVM in the mandible ([Fig. 5](#F5){ref-type="fig"}). Bone fractures and tissue necrosis or infection have not occurred.

![Two months after intervention, post-surgical MRI and MRA showed an empty submandibular triangle and almost complete reabsorption of the AVM in the mandible.](0392-100X-36-333-g005){#F5}

Discussion {#S3}
==========

AVMs are extremely rare entities that can be life threatening if left untreated due to massive blood loss during tooth extraction or biopsy. Although rare, 50% of all intraosseous AVMs occur in the maxillo-facial region and are extremely infrequent in the mandible [@R17]. Very few cases of extraosseous submandibular AVMs have been reported, with 6 cases cited in the literature (5 females and 1 male) [@R18]^-^[@R20]. Our study confirms this trend. To our knowledge, this is the first documented case of a combined AVM involving both the mandible and the submandibular region. AVMs usually present with non-specific symptoms including bruit, dental loosening, swelling of soft tissues, change in skin and mucosal colour and dysesthesia of the lower lip or chin. Although CT, MRI and MRA may localize the arterio-venous shunt lesion, superselective arteriography remains an essential tool for diagnosis and planning of treatment [@R08]^-^[@R10] [@R13] [@R14]. Management of AVMs is usually complex and requires a multidisciplinary team for successful outcome. Observation may be used as a temporary measure in special situations, such as extreme age, pregnancy or refusal of therapy. No spontaneous regressions have been documented. On the other hand, it has been reported that the volume of the lesion may gradually increase [@R09].

Arterial ligature was used in the past as a purely symptomatic treatment or before surgery. At present, it is well known that ligation of external carotid artery should not be performed, firstly as many anastomoses promote the rapid appearance of a collateral circulation, and secondly because future embolization would be impossible [@R09] [@R10] [@R13]. In addition, in our experience, emergency ligation of the external carotid artery is insufficient to stop the haemorrhage because of a large and already developed network of anastomotic blood vessels.

At present, superselective angiographic embolization is considered first line treatment, alone or in combination with surgical approach to reduce intraoperative bleeding. Occlusion of the lesion is obtained using movable balloon, coils or liquid glue. Endovascular therapy as definitive treatment for the AVMs of the mandible has been reported to have a success rate of 70%. This avoids mutilating surgery and related sequelae, especially if AVMs occur before adolescence [@R08]^-^[@R10] [@R13]^-^[@R16].

However, serious complications after embolization (e.g., occlusion of pulmonary or cerebral vessels) or recurrence of AVMs should be considered. In some cases, the procedure has to be carried out in several sessions such as previous history of arterial ligation or high flow characteristics of the lesion or microshunts, which are invisible during hyperselective catheterization and therefore inaccessible to treatment [@R09] [@R11] [@R13].

Therefore, intraosseous injection of sclerosing agents should be used to achieve further obliteration of the AVMs [@R16]. In this case, we used sodium tetradecyl sulphate 3% which in our division is regularly employed to treat many different vascular lesions of the head and neck with a high cure rate and very low incidence of side effects.

Surgery is not the treatment of choice for AVMs of the mandible. Block resection of the affected area has been suggested, and temporary reconstruction with alloplastic bone plate or with the patient\'s own free, previously curetted mandibular segment has been reported. More definite bony reconstruction is recommended as soon as possible with a free fibular graft or iliac crest to avoid facial deformities and allow dental implantation [@R08]^-^[@R10] [@R11] [@R12] [@R21].

In the past years, some authors have commented that radical surgical resection as in threating cancer [@R22] [@R23]. This has been tempered by acknowledgement that radical resection and reconstruction of an extensive benign vascular lesion of the maxillo-facial and mandibular area typically causes severe disfigurement with considerable morbidity. Furthermore, recurrences may occur even after radical resection, and relapses are reported to be even more difficult to treat [@R08].

On the other hand, surgical excision of AVMs involving soft tissues such as the submandibular space can be achieved without severe sequelae [@R18]. No data on relapse have been reported for this very rare condition. According to the literature, we tailored treatment of the present case by performing superselective arterial embolization, leaving the intraosseous part of the AVM in situ and resecting only the part located in submandibular region. Surgery should always be performed after embolization, with a short interval between the procedures, based on the general recommendation that surgery should take place within 48 hours to 2 weeks to avoid revascularization of the lesion. In this period, we recommend MRI and MRA angiography studies to evaluate the effective devascularization of AVMs.

In conclusion, considering the present case and literature data, we can define the following general principles of treatment.

Arterial ligation should not be performed, even in emergency settings. Superselective arterial embolization is the treatment of choice and can be repeated in the case of relapse. Intraosseous injection of sclerosing agents can be used in the attempt to reduce the number of arterial embolizations. In AVMs of the mandible, surgery should be reserved only for cases that are refractory to endovascular therapy and/or for therapeutic complications that are not otherwise treatable (bone fractures and/or necrosis). In AVMs of the soft tissue, surgery could be used if there are no significant side effects. Lastly, the interval between embolization and surgery should be as short as possible, and MRI and MRA should be repeated before surgery.
